In all animals which ovulated (29/32, 91%) peripheral progesterone concentrations rose to 0\ m=. \ 5\ p=n-\ 1\ m=. \ 0ng/ml within 3 days of the end of GnRH treatment. In 7/7 (100%) + P animals and 5/22 (23%) \m=-\P animals, progesterone concentrations continued to rise and were maintained at levels > 1\m=.\5 ng/ml until slaughter. In the remaining \m=-\P animals, plasma progesterone concentrations declined to reach basal levels by Day 5. Corpora lutea recovered from these animals showed signs of premature regression on Day 5 and were fully regressed by Day 7. Progesterone priming delayed the occurrence of the LH surge which occurred 39\m=.\1\m=+-\3\m=.\6h after the end of GnRH treatment in the + P animals compared to 20\m=.\2 \m=+-\ 1\m=.\74h (P < 0\m=.\001) in the \m=-\P animals in which luteal function was abnormal and 22\m=.\4 \ m=+-\ 4\m=.\35h in the \m=-\P animals in which luteal function was normal.
Introduction
The induction of ovulation with GnRH in the seasonally anoestrous ewe is often associated with inadequate luteal function. Early studies, in which ovulation was induced in anoestrous ewes by a single injection of a large dose of GnRH (150 or 300 pg), showed that peripheral plasma progester¬ one concentrations were low and did not rise above baseline (Crighton et ai, 1973; Haresign et al., 1975) .
Subsequently, the treatment of anoestrous ewes with pulsed injections of low doses of GnRH to simulate a follicular-phase pattern of episodic LH secretion and thereby induce an endogenous LH surge and ovulation, again resulted in the formation of an inadequate corpus luteum in many of the animals (McLeod et al., 1982a, b) . This inadequate corpus luteum appeared macroscopically normal at the time of laparoscopy 4 days after the end of a 48-h period of treatment with 2-h *Reprint requests to Dr M. G. Hunter. injections of GnRH, but was not associated with any elevation in plasma progesterone concen¬ tration. However, when GnRH treatment was preceded by a period of progesterone pretreatment the subsequent corpus luteum gave rise to a pattern of progesterone secretion typical of a normal luteal phase (McLeod et al., 1982b) .
Original studies suggested that, despite its abnormal function, the inadequate corpus luteum was maintained for the major part of the induced luteal phase (Haresign, 1976 Blood samples for LH assay (3 ml) were taken at 2-h intervals through an indwelling jugular vein cannula from the time of the first GnRH injection until 6 h after the end of treatment. Blood samples (5-10 ml) for progesterone were taken daily by jugular venepuncture from the start of GnRH treatment until the day of slaughter.
Ovaries were collected at slaughter and the corpora lutea dissected. The morphological appearance of all the corpora lutea recovered was recorded and some CL were fixed in Bouin's fluid, dehydrated and embedded in paraf¬ fin wax. Subsequently 5 pm sections were cut, stained with Harris' haematoxylin and examined under the light microscope.
Hormone radioimmunoassay s. Measurement of progesterone concentration in peripheral plasma was based on the radioimmunoassay method of Haresign et al. (1975) , as modified by Hunter el al. (1986b) . Within this study the limit of sensitivity was 01 ng/ml, the mean extraction efficiency was 86-4 + 0-8% and both the inter-and intra-assay coefficients of variation were < 10%. Concentrations of LH in peripheral plasma were determined by the specific double-antibody radioimmunoassay of Foster & Crighton (1974) as modified by McLeod et al. (1982a) . Within this study the limit of sensitivity was 0-3 ng NIH-LH-S18 equiv./ml plasma and the inter-and intra-assay coefficients of variation were 11-2 and 7-3% respectively.
Results

LH surge
Analysis of the blood samples taken for LH showed that all animals that ovulated exhibited a preovulatory LH surge with peak values of 29-61 ng/ml, ranging in duration from 8 to 20 h. The time of onset of the LH surge ranged from 10 to 50 h after the start of GnRH treatment, and occurred significantly later (P < 0001) in the +P than in the -animals (39-1 ± 3-60h and 20-2 + 1-74 h respectively) (see Table 2 ). However The mean plasma progesterone profiles of animals from Groups 3 and 5 which showed normal luteal function are presented in Fig. 1 , together with those of the animals in Groups 4 and 6 which exhibited abnormal luteal function. In 17 of the 22 -animals which ovulated (see Table 2 ), plasma progesterone concentrations, after reaching levels ranging from 0-5 to 10 ng/ml 3^1 days after the end of GnRH treatment declined to basal values on Days 4-5. The profiles shown in Fig. 1 Haresign (1984) in that a period of progesterone pretreatment before the induction of ovulation with small-dose multiple injections of GnRH will ensure normal luteal function. Similarly, the incidence of normal luteal function within the group of -animals (23%) was similar to that previously reported (McLeod et ai, 1982b; Legan et al., 1985a) . In contrast to the results of McLeod et al. (1982b) is the finding that the abnormal corpora lutea which were generated in about 70% of the -animals were capable of producing a small rise in peripheral plasma progesterone concentration 2-3 days after the end of treatment. The observation of this small rise of between 0-5 ng and 10 ng/ml was most probably due to improved assay sensitivity and increased sampling frequency.
Also in contrast to previous reports in which studies were made of the abnormal corpora lutea recovered 8-10 days after the induction of ovulation with large doses of GnRH (Haresign, 1976; McNeilly et al., 1981; O'Shea et al., 1984) , the abnormal corpora lutea in this study were at an advanced stage of regression 7 days after GnRH treatment. However, before their regression on Day 4 potentially abnormal and normal corpora lutea were morphologically indistinguishable, and differences in their macroscopic appearance only became apparent after plasma progesterone concentrations had declined. Until this time plasma progesterone concentrations rose in a manner similar to those associated with normal corpora lutea. It was also notable that, in each animal producing more than one corpus luteum, all corpora lutea showed the same functional character¬ istics, i.e. both regressed prematurely or functioned normally.
Similar transient rises in plasma progesterone, indicative of a short life-cycle corpus luteum, have previously been detected after ovulation induced by GnRH in the anoestrous ewe (Legan et ai, 1985a, b) and in the post-partum cow (Kesler et ai, 1981) as well as in the ewe following raminduced ovulation (Knight et al., 1981) . They have also been recorded during the natural transition between a period of anovulation and regular cyclicity in both the cow and the ewe (Walton et ai, 1977; Berardinelli et ai, 1979; Lamming et ai, 1981) . The corpus luteum induced by the ram effect, which is also associated with a transient rise in plasma progesterone concentration of < 1 0 ng/ml, is succeeded by re-ovulation and the formation of a corpus luteum of normal lifespan and function (Oldham & Martin, 1979 (Kesler et al., 1981) . However, there is also evidence that sub-normal luteal function is the result of inadequate follicle development before the induction of ovulation with GnRH (Haresign & Lamming, 1978; McNatty et ai, 1981; McLeod et al., 1982b; Legan et al., 1985b) , and further evidence from studies in monkeys and humans suggest that abnormal luteal function is a consequence of inappropriate follicular maturation (diZerega & Hodgen, 1981) .
In this experiment, as in previous reports (Martin et al., 1980; McLeod et al., 1982b; Pearce et al., 1985) , progesterone pretreatment significantly delayed the occurrence of the LH surge (Table  2 ) and this has led to the suggestion that progesterone pretreatment ensured luteal function by allowing the developing follicles longer exposure to gonadotrophic stimulation before the LH surge (McLeod et ai, 1982b) . However, this delayed occurrence of the LH surge is not essential for normal luteal function as normal corpora lutea were produced in -animals in this experiment in which the timing of the preovulatory surge was not significantly later than in those animals which produced abnormal corpora lutea. This suggests that progesterone is having a direct effect on the ovary, either by synchronizing follicular development before the start of GnRH treatment (Hunter & Southee, 1987) , or possibly by increasing the responsiveness of the developing follicles to the induced changes in gonadotrophin secretion (Martin, 1984; McLeod & Haresign, 1984; Hunter et ai, 1986a ).
We thank the AFRC for financial support, NIH for standard hormone preparations and Hoechst Pharmaceuticals for supplies of GnRH.
